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) PERFORMANCE SPECIFICATION
HEATER, AIR, ELECTRICAL, FILTER UNTT, M3

[Reactivated for new design after 12 June 1997

This specification is approved for use by the U.S. Army Chemical
and Biological Defense Command, Department of the Army, and is
available foruse by all Departments and Agencies of the Department
of Defense.

1. SCOPE

1.1 Scope. This specification covers electric air heaters that provide for heating air sup-
plied from Gas—Particulate Filter Units (GPFUs) to military personnel who wear Nuclear~
Biological—Chemical (NBC) protective masks during cold weather operations.

2. APPLICABLE DOCUMENTS

2.1 General. The documents listed in this section are specified in sections 3 and 4 of this
specification. This section does not include documents cited in other sections of this specifica-

tion or recommended for additional information or as examples. While every effort has been
made to insure the completeness of this list, document users are cautioned that they must

Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be

of use in improving this document should be addressed to: Tchnical Director, U.S. Army Edgewonod
Research, Development and Engineering Center, ATTN: SCBRD-ENE=-S, Aberdeen Proving Ground,
MD 210105423 by using the self~addressed Standardization Document Improvement Proposal

(DD Form 1426) appearing at the end of this document or by lette.

AMSC N/A FSC 4240

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.
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meet all specified requirements documents cited in sections 3 and 4 of this specification,
whether or not they are listed.

2.2 Government Documents.

2.2.1 Specifications, standards, and handbooks. The following specifications, standards,
and handbooks form a part of this document to the extent specified herein. Unless otherwise
specified, the issues of these documents are those listed in the issue of the Department of De-
fense Index of Specifications and Standards (DoDISS) and supplement thereto, cited in the
solicitation (see 6.2).

STANDARDS
DEPARTMENT OF DEFENSE
MS27142 — Connector, Plug, Electric—~ Pin Contact
MS27144 — Connector, Plug, Electrical— Sockst Contact

(Unless otherwise indicated, copies of the above specifications, standards, and handbooks
are available from the Standardization Document Order Desk, 700 Robbins Avenue, Building
4D, Philadelphia, PA 19111~50%4).

2.2.2 Other Government documents, drawings, and publications. The following other
Government documents, drawings, and publications form a part of this document to the ex-
tent specified herein. Unless otherwise specified, the issues are those cited in the solicitation.

DRAWINGS
ERDEC E5-19-1782 — Heater, Air, Electric, Filter Unit, M3

(Copies of this drawing nre available from U.S. Army Edgewood, Research, Development
and Engineering Center, SCBRD ~ENE-S, Bldg E5027, APG, MD 21010-5423.

ARDEC 12510415 — Guard Assembly

(Copies of this drawing are available from U.S. Army Armament, Research, Development
and Engineering Center, AMSTA~AR-EDE-S, Bldg 12, Picatinny Arsenal, NJ
07806—5000.)

2.3 Non—~Government publications. The following documents form a part of this docu-

+
ment to the extent specified herein. Unless otherwise specified, the issues of the documents

which are DoD adopted are those listed in the issue of the DoDISS cited in the solicitation.

information Handling Services, DODSTD lssue DW9S01
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Unless otherwise specified, the issues of documents not listed in the DoDISS are the issue of
the documents cited in the solicitation (see 6.2).

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME B1.1 - Unified Inch Screw Threads
ASME B1.2 ~ Gages and Gaging for Unified Inch Screw Threads
ASME B1.3M — Screw Thread Gaging Systems for Dimensional Acceptability

(Application for copies should be addressed to ASME, 345 E. 47th Street, New York, New
York 10017.)

AIR MOVEMENT AND CONTROL ASSOCIATION (AMCA)

(Application for copies should be addressed to Air Movement and Contro! Association,
Inc., 30 West University Drive, Arlington Heights, IL 60004~1893.)

(Nongovernment standards and other publications are normally available from the organi-
zatjons which prepare or disiribute the documents. These documents also may be available in
or through libraries or other informational services.)

2.4 Order of precedence. In the event of a conflict between the text of this document and
the references cited herein, the text of this document takes precedence. Nothing in this speci-

fication, however, shall supersede applicable laws and regulations unless a specific exemption
has been obtained.

3. REQUIREMENTS

3.1 First article. When specified (see 6.2), a sample shall be subjected to first article in-
spection in accordance with 4.2,

3.2 Maximum critical dimensions. The size of the air heater shall not exceed the following
critical dimensions: The maximum length (distance between furthest inlet port location and
furthest outlet port location) shall be no greater than 7.32 inches. The distance between the
bottom of the mounting bracket (base plate) and the highest point on the controller housing
(excluding the control knob) shall be no greater than 5.95 inches when the center axis of the
controller is oriented perpendicular to the mounting bracket. Compliance with respect to crit-
ical dimensions shal! be verified by 4.2.2.1. The controller shall not exceed a ”footprint” of
2.78 x 3.70 inches, whereby the 2.78 inches is parallel to the longitudinal axis of the heater to
allow necessary clearance for hose connections. A "footprint” is defined as the maximum
length and width of the controller in any plane parallel to the heater base when the the con-

Infc;rmation Handling Services, DODSTD Issue DW901
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troller is upright relative to the base plate.

3.3 Compatibility with interfacing parts. In addition to the requirements in 3.2, the fol-
lowing requirements shall be met to insure compatibility of the air heater with the vehicle and
its Gas Particulate Filter Unit (GPFU) system. The degree of movement, orientation and

number of the air inlet and outlet ports shall be equivalent to those on Drawing E5—15—1782
in form, fit and function. Two threaded plugs, which are form, fit, and function equivalent to
those on Drawing ES— 191782, shall be installed in the side infet and outlet ports. (Addi-
tional plugs may be required by solicitation or special packaging instruction.) Female screw
threads in the inlet and outlet ports of the heater and those in the heater for the attachment
of the controller to the heater shall conform to ASME B1.1 and be compatible in form, fit,
and function to threads defined for the inlet and outlet ports and in Detail B of Drawing
E5-19-1782, respectively. The cable connectors on the air heater shall be interoperable
and interchangable with those shown on Drawing E5-19—-1782 and in MS27142 and
MSZ7144. The female and male conneciors shall remain firmly attached except when normal
hand force is used to separate them. The hole size and pattern in the mounting bracket of the
heater shall conform to Detail C of Drawing ES—19-1782. The heater with controller shall
have the capability to be mounted in the guard assembly (part no. 12910415) without interfer-
ence. Compatibility with interfacing parts shal] be verified by examination and functional
checks (see 4.2.2.1).

3.4 Controller operating features. The controlicr shall be capable of being removed from
the heater and remotely mounted inside the vehicle on a mounting that has the same threaded
hole pattern as is described by Detail B of Drawing E5—19-1782. The controller shall en-
able the operator to change the air stream temperature over a continuous range via a temper-
ature control kncb, When the control knob is turned fully counterclockwise, no heat shall be
supplied to the air stream. The controller assembly shall be totally enclosed and watertight
with all electrical control circuitry (relays, switches, solid state electronics, etc.) sealed inside.
The center line of the controller shall be capable of being moved at least 45 degrees in either
direction (clockwise or counter—clockwise) to the vertical plane which runs through the lop-
gitudinai axis and is perpendicular to the mounting bracket. Above features of controllers
shall be verified by 4.2.2.1.

3.5 Performance.

3.5.1 Heating capabilify and power consumption. The heater, when conditioned and op-
erated as specified in 4.3.6.1(a), shall be capable of receiving 4.5 cubic feet per minute (cfm)
of air, minimum, (corrected to standard conditions as defined in AMCA Standard 210) at its
inlet at a temperature of O 4= 4°F and discharging this air at its outlet at a minimum tempera-
ture of 120°F within 15 minutes after starting heater set to its maximum output level without
consuming more than 250 watts of power.

3.52 Resistance to airflow. With the heater at ambient room temperature, the resistance

Information Handling Services, DODSTD lssue DW9904
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to airflow shall not exceed a differential pressure of 0.10 inches of water when tested as speci-
fied in 4.3.6.1(b).

3.5.3 Operability with thermostatic control. The heater shall operate is 2 room tempera-
ture environment of 70°F and be capable of producing a regulated outlet air temperature of
120+4°F within 10 minutes of operation for all test conditions specified in 4.3.6.1(c) and shall

maintain this temperature for a period of not less than 5 minutes without adjustment of the
controller.

3.5.4 Case surface temperature. While the heater is operating as specified in 4.3.6.1(c),
the case temperature shall not exceed 126°F.

3.6 Electromaguetic emissions. The heater shall not produce electromagnetic emissions
of such magnitude that mission essential communications equipment and electronic systems
are adversely effected. Measured electromagnetic emission levels shall be less than or equal
to the maximum levels in table If and figures 1 through 5 in 4.2.2.2 for the specified frequency
range. Electromagnetic emissions having a duration not exceeding 1 second, and recurring
not niore than once in 3 minutes, are exempt.

3.7 Leakage. Airleakage shall be not greater than 1.00 cubic inches (16.4 cubic centime-
ters) per minute when the filter is internally pressurized to at least 12 inches (30.5 centime-
ters) of water as specified in 4.3.6.2.

3.8 Minimum operating life. The heater, when operating under coaditions specified in

4.3.6.3, shall maintain the outlet temperature of 120+ 4°F for a continucus period of at least
250 hours.

3.9 Resistance to environmental conditions. The heater shall pass the requirements of
3.5.3 when the input voltage is 27.5 vdc after exposure to the environmental conditions of
temperature shock, humidity, mschanical shock, vibration, salt fog, and fungus when tested
as specified in table L.

3.10 Cold temperature operation. When the heater is operating in a temperature environ-
ment of ~45°F as specified in 4.3.6.4, it shall be capable of producing a regulated cutlet air
temperature of 70:£4°F within 15 minutes of operation and shall maintain this temperature
for a period of not less than 5 minutes without adjustment of the controller.

3.11 Compatibility with vehicle electrical system. The heater shall be capable of with-
standing normal vehicular voltage surges and spikes such as the following. The heater with
controller shall be capable of withstanding a surge voltage of 39 volts for 10 seconds and re-
cover within 0.0135 second when tested according to 4.3.6.5. The heater with controller shall
meet the requirements in 3.5 after withstanding a spike voltage of 250 volts for 0.015 millisec-
onds.

. [RETETIL (1 S
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3.12 Operability during movement. The heater shall meet the requirements in 3.5 when
the air inlet and outlet ports are rotated as specified in 4.3.6.6. The heater shall not malfunc-
tion due to opening or shorting of internal wiring.

3.13 Identification and markings. Each heater shali contain the foliowing indentiﬁcation

informatinn: "Haater on—- alartrin filtar und- AL T Qtrﬂn ratina naminal m nower
wlu‘l‘lﬂuuu 'll.\.luln\l.l,’ P \I‘wul\” Ahd Wbl l- 4¥A 3 e fond YU LG 5’ uullmm lllwllulll W

rating in watts at the specified 27.5 vdc input voltage; lot number, model and/or serial num-
ber, and contract number. Electrical leads between the controller and heater shall be
marked with permanent markings on both sides of the electrical connectors to ensure that
leads are identifiable for correct reconnection. The inlet and outlet airflow ports shall be
clearly and legibly marked. When the heater is not energized, the control knob shall clearly
indicate "off.” The direction of turn for warmer air shall be marked on the controlier. Verifi-
cation of identification and marking features shall be in accordance with 4.3.6.13. Clarity of
the identification information and marlnnoc shall not be decrradpd hv temperature and hn-

midity stress.

3.14 Wiovkreanship. The heater shall be free from missing or loose parts; dented, cracked,
or chipped surfaces; oil or foreign matter adhering to ouiside surface; and foreign matter
blocking the air ports, Verification shall be in accordance with 4.2.2.1.

3.15 Color and Finish. The color of the exterior of the heater shall be white or off ~white
with gloss finish except for threads, controller knob, electrical connectors and plated parts.
All external metallic surfaces or coatings applied to such surfaces shall resist corrosion, heat
stress, and fungus. Verification shall be in accordance with 4.2.2.1 and 4.3.6.11.

4. VERIFICATION

4.1 Classification of inspections. The inspection requirements specified herein are classi-
fied as follows:

(a) First article inspection (see 4.2)
(b) Quality conformance inspection (see 4.3)

4.2 First article inspection

4.2.1 Sample. The first article sample shall consist of 24 heaters manufactured using the
same methods, materials, equipment, and processes as will be used during regular production
(see 6.2). Four (4) samples shall be allocated to each of the 6 inspection and test groups in
table I. ‘The first article sample shall be submitted for inspection and approval in accordance
with the terms of the contract.

4.2.2 Inspections to be performed. As determined by the Government, the sample first
article items may be subjected to any or all of the examinations and tests specified in. this
specification and be inspected for compliance with any or all of the requirements of the appli
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TABLEI. First Article Inspection and Test

nﬁﬁ?ﬁl& Requirement Method
I Maximum critical dimensions (3.2) 4221
Compatibility with interfacing 4221
parts (3.3) _
Controller operating features (3.4) 4221
Identification & markings (3.13) 4.3.6.13
Workmanship (3.14) 4.2.2.1
IT Electromagnetic emissions (3.6) 4222
Compatibility with vehicle 4.3.6.5
electrical system (3.11)
Operability during movement (3.12) | 4.3.6.6
Performance (3.5) 4.3.6.1
I | Saltfog(3.9) 43.6.11
Performnance (3.5.3) 4.3.6.1
Leakage (3.7) 43.6.2
Color and finish (3.15) 42.2.1
v Temperature shock (3.9) 43.6.7
Cold temperature operation (3.10) 43.64
Hurmnidity (3.9) 43.6.8
Identification & marking (3.13) 43.6.13
Performance (3.5.3) 43.6.1
A% Mechanical shock (3.9) 4.3.6.9
Vibration (3.9) 4.3.6.10
Operating life (3.8) 4.3.6.3
Performance (3.5.3) 4.3.6.1
VI | Fungus (3.9) 43.6.12
Performance (3.5.3) 4.3.6.1
Color and finish (3.15) 4221
7
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cable drawings. Each heater in the first article lot shall be examined, functionally checked
and tested in the sequence and in accordance with the test methods specified in table 1.

4.2.2.1 Examination and functionsl checks, Verify that critical dimensions do not ex-
ceed maximum values specified in 3.2, Verify that the screw threads in the inlet and outlet
ports and those in the heater for the attachment of the controller conform to the requirements
in 3.3 by use of appropriate gages which conform to ASME B1.2 and B1.3M. Verify that all
pairs of male and female electrical connectors external to the controller and heater may be
pulled loose using ordinary hand force and reattached. Remove the controller from the heat-
er and reattach it. Move the controller 45 degrees in either direction to the vertical plane that
is perpendicular to the mounting bracket. Verify hole size and pattern of mounting bracket
are as specified in 3.3. Verify that mounting holes in controller are located consistent with the
requirements of 3.4. Visually examine items for compliance with workmanship requirements
in 3.14 and color and finish requirements in 3.15.

4.2.2.2 Electromagnetic emissions. The heater shall, as a minimum, be tested for conduc-
tive and radiation emissions at minimum, mid —range and maximum controller settings using
test apparatus and procedures described in Appendix A. The maximum allowable electro-
magnetic emission level for each test method and frequency is represented by the dependent
variable ”Y” in tzble I and illustrated in figures 1 through 5.

Information Handling Services, DODSTD Issue DW9301
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TABLE Ii. Eiect agnetic Emission Upper 1,
Test 1/ Band
Method Type Frequency Range Emission Upper Limits
CE01 Narrow 30 Hz to 400 Hz 2 Y=120 4
400 Hz to 20000 Hz Y=-17.9In(F)+227
CE03 |Namrow | 0.021020MHz < =~6.51 In(F) +245%
2 to 50 MHz Y=20
CE03 | Broad 0.02 to 2.0 MHz Y=-163 1n(F)+61.3'6/
2 to 50 MHz Y=50
2/
RE(02 | Narrow | 0.014 to 25 MHz Y=-2.001In(F)+26.5
25 to 10000 MH= Y= 6.68 n(F) ~1.49
RE02 | Broad | 0.014to 200 MHz =—4.70 In(F) +79.9
200 to 1000 MHz Y= 9.32In(F)+5.62

1/ See note 6.4 for references.
2/ Hertz (Hz)
Mega (M)

Y= decibels microampere,
5/ Y= decibels microampere,

F = frequency, Hz
F = frequency, MHz

6/Y = decibels microampere/MHz, F = frequency, MHz

z Y = decibels microvolt/meter,
8/ Y = decibels microvolt/meter/MHz,

Information Handling géwices:DODSTD Issue DW9901

F = frequency, MHz
F = frequency, MHz
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4.2.3 Acceptance criteria, If any first article sample item fails to comply with any of the
applicabie requirements, the first article sample shall be rejected. The Government reserves
the right to terminate inspection upon any failure to comply with any of the requirements. The
contractor shall obtain written approval from the contracting activity prior to proceeding with
regular production.

4.3 Quality conformance inspection,

4.3.1 Lotting. A lot shall consist of the heaters produced by one manufacturer, at one
plant, from the same materials, under the same manufacturing conditions. Each lot shall be
identified by an alphanumeric lot number. The lot number shall include a manufacturer’s
identification symbol, a numeric code identifying the year of production, 2 code or abbrevi-
ation that signifies the month of production, and an interfix—serial number. The interfix—se-
rial number shali change if there is change in the design, manufacturing process, materials,
suppliers, production run, or if a new contract is issued.

4.3.2 Sampling. Sampling of lots shall be in accordance with classification of characteris-
tics in 4.3.5, and when specified, table III. Samples shall be selected at random.

4.3.3 Inspection proced:: 2. Sample items shall be examined and tested in accordance
with the classification of characteristics in 4.3.5. Failure of any sample item to conform to any
characteristic in the classification of characteristics based on the sampling and acceptance cri-
teria specified therein shall be cause for rejection of the lot represented.

4.33.1 For examination. Samples shall be examined in accordance with the inspection
methods identified in 4.3.5.

4.3.3.2 For test. Sample heaters shall be tested in accordance with inspection methods
and test paragraphs referenced in 4.3.5.

12
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TABLE IiI.
. Inspection levels and sample sizes
Lot size
1 Im | MMj vy v | vijvil|l VIl IX}I X | XI
2 tO 8 * E3 & % ¥ & * ¥ 5 3 '2
9to 15 * * * ® * * 13 8 5 3 2
16 t0 25 * * * * * 20| 13 8 5 3 3
26 to 50 * * * * 321 20 13 8 5 5 5
51to 90 * * * 50 321 20| 13 8 7 6 5
91 to 150 * * 125150 32{ 20 131211 7] ¢
151 to 280 * * 1251 50 32| 20| 201 19 13| 10 7
281 to 500 * 13157 1251 50 481 4741 29 ¢ 21 16 11 g
501 to 1200 * | 315|125} 75 73| 4741 34| 27| 19t 15] 11
1201 to 3200 1250} 315 1 125|116 | 73| 53| 42| 35§ 23} 18| 13
3201t0 10000 {1250 3151 192 | 116 | 86| 68| 50§ 38 1 206 | 22 | 15
10001t0 35000 11250 315 | 294 | 135 | 108 | 77| 60} 46 | 351 29 | 15
3500110150000 1250 490 | 294 {176 | 123} 96| 74 | 56 | 40 ] 29 { 15
150001 to 500000 1250 715 | 34512001 156 119§ 90 | 64 | 40| 29} 15
500001 ardover 1250 715 14351244 | 1891143 1102 | 64 | 40| 29 | 15
*Indicates one hundred percent inspection. If sample size exceeds lot size, perform
one hundred percent inspection.
Accept the lot represented on zero nonconforming characteristics and reject the lot
represented on one or more nonconforming characteristics for all inspection levels.

4.3.4 Inspection characteristics. Critical characteristics are characteristics whose non-
conformance to specified requirements islikely to result in hazardous or unsafe conditions for
individuals using, maintaining, or depending upon the product or whose nonconformance to
specified requirements is likely to prevent performance of the tactical function of a major end
item. Major characteristics are characteristics whose nonconformance to specified require-
ments is likely to result in failure or to reduce materially the usability of the item for its in-
tended purpose. Minor characteristics are characteristics whose nonconformance to specified
requirements is not likely to reduce materially the operation or usability of the item for its
intended purpose. '

4.3.5 Ciassification of characteristics. Conformance examinations and tests shall be as
specified in the following classification of characteristics paragraphs. When specified herein,

accept on { and reject on 1 attributes sampling inspection shall be performed on the desig-
nated characteristics using the stated levels in table III for selection of sample sizes.

13
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CLASSIFICATION OF CHARACTERISTICS
PARAGRAPH | TMLE DRAWING NUMBER
435 Heater, air, eleCtric, filter unit, M3 SHEET 1 o©F 1 NEXT HITHIER ASSY
REQUIREMENT INSPECTION
CATEGORY CHARACTERISTIC SAMPLING PARAGRAPH METHOD
Critical None defined
Major
101 Resistance to airflow Table I11, level IX 352 4.3.6.1(b)
102 Operability with thermostatic Table IIL, level IX 353 4.3.6.1(c)
control
103 Leakage Table II1, level IX 37 4.3.6.2
104 Mounting holes correct Table I, level IX 33 CE & 4.2.2.1
105 Thread size of outlet and inlet Table 111, level IX 33 CE &4.2.2.1
openings correct ' '
106 Electrical lead markers correct Table INT, level IX 3.13 VI
107 Inlet and outlet ports marked correct § Table I, level IX 3.13 VI
108 Markings for on/off status and
temperature control correct Table II1, level IX 3.13 VI
109 Workmanship Table I1J, level IX 3.14 VI
Minor None defined
201 Marking correct Table I1I, fevel XI 3.13 VI
202 Color and finish Table II1, level XI 315 VI
NOTES:
CE ~ Commercial inspection equipment
VI — Visual inspection

Information Handling Services, DODSTD Issue DWSS01
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4.3.6 Tests.

4.3.6.1 Performance.

(2) Heating capability and power consumption. Two calibrated thermocouples
shall be installed in the system, one at the inlet and one at the outlet port, to measure the inlet
and outlet air temperature. The thermocouples shall be installed approximately one inch from
their respective ports. The heater shall be connected to a suitable power source capable of
producing 27.5 volts direct current (vdc). A voltmeter and ammeter shall be connected to the
electrical circuit. The heater shall be conditioned for 24 hours at 04:4°F prior to testing, Air,
at 0+4°F and flowing at 4.5 cfm, shall pass through a calibrated gas metering device and then
through the heater. Two of the 4 heater samples shall be tested with air flowing through the end
inlet and outlet ports and the remaining two shall be tested with air flowing through the side
inlet and outlet ports. Set the input voltage (voltage while operating) to 27.5vdc. Rotate the
control knob fully clockwise (full on), operate the heater continuously for at least 15 minutes,
and record the current consumption during that perind. After 15 minutes of operation, deter-
mine whether the power consumption and outlet air temperature meet the requirements in
3.5.1. (Note: turning the control knob fully clockwise for extended periods may result in cutlet
air temperatures that could be harmful to the hose and heater finish.)

(b) Resistance to airflow. The pressure differential shall be measured with a suit-
able manometer across the side inlet and outlet ports of the heater when the heater is receiving
4.5 cfm of air at ambient room temperature (70 4+ 4°F) and not energized.

(c) Operability with thermostatic control. Two calibrated thermocouples shall be
installed in the system, one at the side inlet port and one at the side outlet port, to measure the
inlet and outlet air temperature. The thermocouples shall be installed within one inch from
their respective ports. Six (6) additional calibrated thermocouples shall be attached to six scat-
tered points, at least one of which shall be attached to the outlet boss, on the heater surface.
With avoltmeter and ammeter connected to the electrical circuit, set the input voltags (voltage
while operating) to 27.5 vdc. Ambient room air at 70+ 4°F, flowing at 4.5 cfm, shall pass
through a calibrated metering device and then through the heater. Turn the control knob fully
clockwise until outlet air temperature rises to 120°F, then adjust knob until outlet air tempera-
ture stabilizes at 1204-4°F. Maintain an outlet air temperature of 120 + 4°F for a period of at

least 5 minutes without adjustment of the controller knob. The heater is defective if it requires
more than 10 minutes to attain the 120°F output temperature, or if it fails to maintain the out-
put temperature within +4°F without adjustment of the controller knob. Compare the maxi-
mum measured case surface temperature against the specified value in 3.5.4. Repeat
aforementioned test for an input voltage of 18.0 vdc and for an input voltage of 30.0 vdc (group
11, first article samples only).

4.3.6.2 Leakage. With the side inlet and side outlet ports sealed with plugs, connect the
end inlet port to a source of pressurized air with an airflow meter and appropriate regulating

15
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valve(s) between the heater and pressurized air source (see Figure 6). Connect a manometer
or pressure gage capable of measuring a static pressure of 12.0 inches of water gage (iwg) with
an accuracy of 0.1 inches iwg to the end outlet port by means of appropriate adapters. The
airflow meter shall be capable of measuring an airflow of 1.00 cubic inches per minute with
an accuracy of + 0.06 cubic inches per minute. Open the airflow and pressure regulating
valve(s) and adjust the flow until a static pressure of at least 12 inches of water is established
within the heater. The steady state flow rate that is required to maintain that pressure is the
air leakage value. The heater is considered defective if the air leakage value exceeds the spe-

cified maximum value of 1.00 cubic inches per minute.

Airflow/pressure
regulating valve Flowmeter
Orre—13
f;ﬁigm M3 heater
Manometer
FIGURE 6. Leak test apparatus

4.3.6.3 Minimum operating life. A voltmeter and ammeter shall be connected to the elec-
trical circuit. Ambient room temperature air shall be passed through a calibrated metering
device through the heater, and exhausted outside the test area so that the heated exhaust will
have no influence on the ambient room temperature. Inputvoltage shall be 27.5vdc. Atthe
start of the test, while the heater is operating at an airflow rate of 4.5 c¢fin , the controller shall
be adjusted to an output air temperature of 120 +4°F. Aforementioned temperature shallbe
maintained for a minimum of 250 hours.

4.3.6.4 Cold temperature storage and operation. Place the heater in a chamber and condi-
tion it at —45° F for four hours. Operate the heater in this environment with the input voltage
setto 27.5 vdc and the airflow set to 4.5 cfm, also at —45°F Turn the control knob to the fizll
“on” position and monitor the outlet air temperature until it attains 70 °F or until 15 minutes
have elapsed. If the outlet air temperature rises to 70°F within 15 minutes, set the control
knob to maintain this temperature within +4°F. Maintain an outlet temperature of

70 + 4°F for a period of at least 5 minutes without adjustment of the controlier knob. The
heater is defective if it requires more than 15 minutes to attain the 70°F output temperature,
or if it fails to maintain the output temperature within 3 4°F without adjustment of the con-

troller knob.
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4.3.6.5 Compatability with vehicle electrical system. The heater shall be tested with test
equipment capable of measuring surge and spike voltages described herein. Operate the
heater with the input voltage set to a nominal steady state voltage of 27.5 vdc. Apply a contin-
uous 39 vdc surge voltage for 10 seconds to the power input terminals and determine whether
the recovery time is less or equal to 0.015 sec. The recovery time is the interval between the
time a voltage deviates from the steady state voltage limits (25 to 30 vdc) and the time it re-
turns and remains within that same range. Then apply a 250 vdc spike voltage for 0.015 milli-
seconds.

4.3.6.6 Operability during movement, Rotate inlet and outlet ports 180 degrees to each
side of the vertical position while the heater is energized by a 27.5 vdc source.

4.3.6.7 Temperature shock. While the heater is not in operation, subject it to the follow-
ing sequence of temperature exposures.

145 Ut i WAL LRlllppbl il Wil s

(a) Place the testitem in a high temperature chamber, and raise the chamber tem-
perature to 160°F. Maintain for a period of not less than 4 hours or until the test item stabilizes.

(b) Transfer the test item, within 5 minutes, to a cold chamber with an internal tem-
erature of —70°F Maintait for 2 pesiod of not less than 4 hours or until the test item stabi-
P ¥
lizes.

(¢) Return the testitem,
tained at 160°F. Maintain for a period of not less than 4 hours or until test item stabilizes,
(d) Repeat steps (b) and (¢) above.
(e) Repeat step (b) above.
(f) Test the heater in accordance with 4.3.6.4.
4.3.6.8 Humidity. While the heater is off, subject the heater to humidity stress as follows:
(a) Dry the test item at 129°F for 24 hours.

(b) Condition the test item at 73°F and 50 + 10 percent relative humidity for 24
hours.

(c) Raise the internal chamber temperature to 86°F and the relative humidity to
94 + 4 percent.

(d) Subject the test item to five continuous 48 —hour cycles in accordance with fig-
ure 7.

17
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(e) Condition the test item for 24 hours at 73°F and 50 - 10 percent relative hu-

midity.
65 65°¢ I[_150
60 — HOTE 3 [~ ko
= 55 o l.13@ ;;;
50 o l_lzo'“‘
. ? Ly | '—-110
€ o wore 3 NOTE % 100 &
5 301 30°C : V"SO g
- Q° =
25 — 80
N —T0
20 20°C éo
1 1 ] 1 } T T 1 1 1 1 T T 17 1 1 71 } T T T ;
0 2 L 6 81012 10 18 18 20 22 2k 26 23 30 32 34 36 38 Lo k2 Lk L5 48
CUMULATIVE HOURS
ot 1 CYCLE — L5 HOURS o)

FIGURE 7. Temperature/humidity cycle
NOTES:
1, Tolerance during temperature change shall be not greater than 5°F.

2. Relative humidity shall be maintained at 94 & 4 percent at all times, ex-
cept that during the descending temperature period, the relative humidity
may be permitted to drop as low as 85 percent.

3. Rate of temperature change between 86° and 149°F shall be not less than
14.4°F per hour. '

4. The temperature increase in this portion of the curve shall be not less than
18°F
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4.3.6.9 Mechanical shock. While the heater is ”off”, apply 3 shocks in each direction
alano thraae mutnally marmandisnlar aveo Af ko oot Sdaem enl L 1 [+]

along three mutually perpendicular axes of the test item (total of 18 shocks). The shock pulse
configuration shall conform to figure 8 on next page.

4.3.6.10 Vibration. Mount the heater onto a vibration exciter. While the heater is ”off”,
subject the heater to sinusoidal vibration in each of three mutually perpendicular axes in ac-
cordance with table IV and curve W of figure 9 on next page. Test time per axis shall be 3
hours. The double amplitude displacements specified in table IV shall be maintained at the
test item mounting points during the applied vibration. Sweep time of the applied vibration
shall be 15 minutes over a logarithmic sweep frequency cycle of 5—500-5 hertz. If reso-

nances below 5 hertz are measured or expected the sweep time shall be 18 minutes over a

sweep frequency cycle of 2—500-2 hertz. After vibranon in each axis, check for loose or bro-
ken parts.

TABLE 1V. Displacement versus frequency

Displacement, D ( inches—double amplitude) Frequency, f (hertz)
1.0 ' 2t05
in(D) = —2.01n(f) + 34 551030
0.033 30 to 50
In{D) = ~2.0 In(f) + 4.4 50 to 500

4.3.6.11 Salt fog. The test chamber shall be equipped with supporting racks, temperature
control in the exposure zone (note: do not use immersion heaters within the exposure zone),
a salt solution rcservmr a means for injecting the salt solution into the chamber, and salt fog
collection reccptacizs. Construction materials of aforementioned items shall be non—reac-
tive to salt fog. While the heater is off”, place the heater in the test chamber and spray it
with a continuously atomized, finely divided, wet, salt fog aerosol for a period of 48 hours.
The 2erocol shall be a mixture of 5% sodium chloride and 95% water by weight. Uniformly
distribute the 2=rosol aver the heater at a fallout rate between 0.20 ounce and 1.17 ounces
(volume) of solution for each square foot of horizontal collecting area per hour durmg the
48~ hour exposure at a constant 95 °F with minimal air cirulation. (This fallout rate is equiva-

lent to 0.625 to 3.75 ml/dm2/hr, where 1 dm?=100 cm2.) The pH of the salt sohution shall be

maintained between 6.5 and 7.2. At the end of the exposure pericd, remove salt deposits

with distilled water and dry the heater at ambient conditions for atleast 48 hours. Inspect the
heater for corrosion.

1%

Information Handling Services, DODSTD Issue DW901

AN Ik ey e = gy 0t e

1IN P ———



MIL-PRF-51191E

MIL—-PRF-51191E(EA)

IDEAL SAWTOOTH

PULSE

TOLERANCE LIMITS

.08 P

08 91
REF LINE
ZERO l

g

“<
[}

11 milliseconds

{g = 980.6 cm/52)

FIGURE 8. Shock-pulse configuration..

o ACCELERATION LEVELS: 19 (PEAK)

-

-

i

3

o

z

o

w

2

4.2

B o033 | L Ililcmeeoood ORY

1 [ R }
iy

2 Yo i

3 o }

Z {c.0038 B LA

Z {00038 _ i

- 14 I I I

z 1ot : [ (1) 3.5

= ey i 1 £

w {0o017s It 1 by

b --.-.-L|.¢--.—-—-.{--J--b,—

& by \ 1oy

@ Moy oo

I S
[ ! 1
o i 1 h
|l| H t (X
b I | L
by o t ] |l
11 1 3 ' It
5857 36 56 R0 z00 500

FREQUENCY (Mz]

Hote: ALl curves shall bo estended to I Hx shen test itew
rescnances below § Hi are expected

{g = 980.6 cm/52)

information Handling Services, DODSTD Jssue DW9301

e ]
F4

Wilimasinm tast Avewran

|

20

M 999990L 2054939 5T7? IN

TR LU W W ———

1Y 8 1 A —— 5 |

Py P oW

4
E
E

P ————— N L

oy



MIL=-PRF-51391E M 999990k 2054940 219 M
MIL~PRF-51191E(EA)

4.3.6.12 Fungus. While the heater is "off”, expose the heater to fungus in accordance with
procedures in Appendix B,

4.3.6.13 ldentification and marking. Verify that the heater’s identification plate contains

the required information. Verify that each of the items specified in 3.13 iz marked clear and
legible.

5. PACKAGING

5.1 Packaging. For acquisition purposes, the packaging requirements shall be as specified
in the contract or order (see 6.2). When actual packaging of materiel is to be performed by
DoD personnel, these personnel need to contact the responsible packaging activity to ascer-
tain requisite packaging requirements. Packaging requirements are maintained by the Inven-
tory Control Point’s packaging activity within the Military Department or Defense Agency, or
within the Military Department’s System Command. Packaging data retrieval is available
from the managing Military Department’s or Defense Agency’s automated packaging files,
CD-ROM products, or by contacting the responsible packaging activity. Note: except for
interplant shipment, air heaters will normally be shipped with caps or covers which protect all
inlet and outlet ports from foreign material.

6. NOTES

6.1 Intended use. The air heater covered by this specification is a component of the NBC
GPFU systems utilized in various military vehicles, and is used to warm respiratory air sup-
plied to individual protective masks and headpieces. Air from inside the vehicle is blown into

a precleancr which contains a particulate filter and two gas filters before entering the heater.

6.2 Acquisition requirements. Acquisition documents must specify the following:

(a) Title, number, and date of this specification.

(b) Issue of DODISS to be cited in the solicitation, and if required, the specific issue
of individual documents referenced (see 2.2.1).

(c) Packaging requirements (see 5.1).

(d) Firstarticle:

(1) Time allowed for contractor submission of samples for Government test and
evaluation after award of contract when testing is performed by the Government.

(2) Name and address of test facility and shipping instructions when testing is per-
formed by the Government.
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(3) Time required for the Government to notify the contractor whether or not to

proceed with production.

6.3 Safety. Itis desired that the heater design comply with the safety requirements of UL
499 for internal wiring, electrical insulation, thermal insulation, and insulation resistance.

6.4 Electromagnetic emissions references. The technical basis for figures 1 through 5 and
method CEO1, CE03 and REQ2 in this specification is MIL-STD—461A. The test set—up is
based on MIL—~STD~462.

6.5 Subject term (key word) listing.

Air heater

Electric heater

Filtered air

Gas Particulate Filter Unit (GPFU)
Respiratory air

Respiratory mask

Tank air heater

Temperature controller

6.6 Changes from previous issue. Asterisks are not used in this revision to identify changes
with respect to the previous issue due to the extensiveness of the changes.

Custodian: Preparing activity:
Army -~ EA Army - EA

Project No. 4240—A241
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APPENDIX A: ELECTROMAGNETIC EMISSION AND SUSCEPTIBILITY TESTS

Al. METHOD CEO0! — CONDUCTED EMISSION, 30 HZ To 20 KHZ. POWER 1 EADS

v =y AR bdats & Nf VT AN Sethogl RAot

ALl Purpose, This test method is used for measuring conducted emissions on d.c. power leads.

Al.2 Applicability, This test method is applicable for measuring conducted emissions in the fre-
quency range of 30 Hz to 20 Khz on d .c. power input and output leads, including neutrals which
are grounded externally to the equipment. Bonding straps do not have to be measured.

Al3 Apparatus. The test apparatus shall include the following:
(a) Current probes.

(b) Matching transformer. — An impedance matching transformer may be
needed between certain current probes and the interference meter so that
the measuring system will meet the sensitivity requirements needed to per-
form the test.

(¢) Electromagnetic interference (EMI) meter.

Al.4 TestProcedure. The test setup shall be as shown on Figure CEO! - 1. The following equipment
shall be used for narrowband measurements:

(a) Current probe

(b) Matching transformer
() Instrument with selectivity (interference meter)
ALS5 Notes:

(a) When matching ﬁ'ansformers or band-reject filters are used, their charac-
teristics must be described.

(b) Conducted emissions shall be measured separately on each power lead,

(¢) The minimum separation between cables, leads and ground plan shall be 2
in, (5 cm).

(d) The length of power lead from the test sample to the feedthrough capacitor
shall not exeed 1 meter, :

(¢) The length of each power lead between the point of separation and connc-
ction to the feedthrough capacitor shall be 30 4= 2 cm. The current probe
shall be positioned along this length to produce a maximum reading on the

v

AAT
Enu. LLICRC] .

(f) For the case of EMI testing of the M3 heater, power source AC Phase I
shown in Figure CEO1-1 is not applicable. Ten microfarad capacitor con-
nected to ground plane is optional for DC power source.

{g) The EMI measuring instrumentation shall be connected to the a.c power
source through an isolation transformer. It is imperative that the chassis
power ground be broken at this point to prevent lhe circulation of r .f,
ground currents in the test equipment.

(h) Be sure all test instrumentation is properly bonded to the ground plane be-
fore applying power to prevent a potential shock hazard to personnel.

A-1
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A2.1 Purpose. This test method is used for measuring conducted emissions on all power leads.
A2.2 Applicability. This test methed is applicable for measuring conducted emissions in the fre-

quency range of 20 KHz to 50 MHz on d.c. power input and output leads, including neutrals which
are grounded externzaly to the equipment. Bonding straps do not have to be measured.

A2.3 Apparatus. The test apparatus shall include the followin

TTEYT T

1
i
¥
¢
t
I

(a) Current probes
(b) Electromagnetic interference meter

A2.4, Test Procedure. The test setup shall be as shown on Figure CEOl - 1. Conducted emissions
shall be measured separately on each power lead.

A3, METH ~ RADIATED EMISSION 2, T0 10

A3.1. Purpose. This method is used for measuring radiated electromagnetic emissions from the heat-
er system including the controller.

A.3.2 Applicable Frequency Range for Test

{(a) Nammowband emissions shall be measured from 14 KHz, to 10 times the
highest used or intentionally generated frequency, or I GHz, whichever is
greater; however, the measured frequency shall not exceed 10 GHz.

(b) Broadband emissions shall be measured from 14 KHz to 1 GHz.

A3.3, Apparatus. Test apparatus shall consist of the following:

(a) Tesi antennas,

(b) EMI Meters
A3.4, Test Set-Up and Procedure.
A3.4.]1 TestSetup. The basic test set-up is shown in Figure RE02-1,
A3.4.2 Procedure. The test procedures is as follows:

(a) Probe the test sample to locate the points of maximum radiati
test sample.

(b) Select and position the test antennas. In the frequency range of 25 to 200
MHz, position the test antennae so as to make both vertical and horizontal
measurements.

(¢} For each test antenna, scan the applicable frequency range of this test with
the EMI meter and take measurements as required.

(f) For the case of DC power source, the use of ten microfarad capacitors
connected to ground plane in figure RE02-1 is optional.

A-3
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APPENDIX B: FUNGUS TEST PROCEDURES

B.1 SCOPE, This appendix details the procedure for conducting fungus resistance verification. This ap-
pendix is a mandatory part of this specification.

B.2 PROCEDURE
B.2.1 Mineral salts preparation. Using clean apparatus, prepare a mineral salts solution containing the
following, then verify the pH of the mineral salts solution is between 6.0 and 6.5.
Potassiuim dihydrogen orthophosphate (KHaPO4).coconirenimnneecissonsennerens 0700 g
Potassiuim monohydrogen orthophosphate (KoHPOg)....ovvcoceirivrvererescsoecsens 0.700 g
Magnesium sulfate heptahydrate (MgSO4s7TH30)....cocvvrernreinnnirnencenencressessones 0.700 g
Ammonium nitrate (NHANO3Z). .o cnssnssessssssssssossscsssssssosass 1.000 g
Sodium chloride (INACL)...... v se s esensesesessasas 0.005 g
Ferrous sulfate heptahydrate (FeSO48TH20).c.ccvemniivnrercennnennoseessosssaressssns 0.002 g
Zinc sulfate heptahydrate (ZnSO4TH2O) . oo eececenreeenseeeenenesesessnsens 0.002 g
Manganous sulfate monohydrate (MnSQO4eH0).....cccvvviminsmmrecceennscesrsssans 0.001 g
DHESHIEA WALET ... ce e rereeees e serrrmes s serrestsass s stss b bensstsssesranonssssssssssessssssasans 1000 ml
B.2.2 Spore preparation. Prepare a spore suspension using aseptic techniques containing at least the test

o
fungi, listed in table B-1. Distribution of fungi in a lyophilized state or on agar slants is acceptable.

Table B-]. Test Fungi

Fungi Fungus Sources Identification No.
DSPAY/ ATCC4/

Aspergillus niger GM 386 : ATCC 9842
Aspergillus flavus GM 380 ATCC 9643
Aspergillus versicolor GM 432 ATCC 11730
Penicillium funicsiogum GM 474 ATCC 11797
Chaetominm globogum GM 459 ATCC 6205

1/ US Department of Agriculture (SEA/FR) 2/ American Type Cultore

Northern Regional Research Center Collection

ABS Culture Collection 12301 Parklawn Drive

1815 Nornh University Street Rockville, Maryland 20852

Peoria, Hlinois 60604

B.2.2.1 Spore Storage. Maintain pure fungus cultures separately on an appropriate medium such as potato
dextrose agar. Culture Chaetomium globosum on strips of filter paper overlaid on the surface of mineral
salts agar. Prepare mineral salts agar by dissolving 15,0 g of agar in a liter of mineral salts solution. Store
the stock cultures for more than four months at 43 + 7°F. Afterthat time, prepare subcultures and use them
for the new stocks. Verify culture purity before the fungus resistance test.

B.2.2.2 Stock cultures preparation. Incubate subcultures used for preparing new stock cultures or the
spore suspension at 86 £ 2.5°F for 1410 21 days. Then prepare a spore suspension of each fungus by pousr-

1
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ing 10 ml of an aqueous solution containing 0.05 g per liter of a non-téxic wetting agent such as sodium
dioctyl sulfosuccinate or sodium lauryl sulfate into one subculture of each fungus.

B.2.2.2.1 Stock cultures separation. Use a rounded glass rod to gently scrub the surface growth from the
culture of the test organisms. Pour the spore charge into a 125 ml capped Erlenmeyer flask containing 45
ml of water and 50 to 75 solid glass beads, 5 mm in diameter. Shake the flask vigorously to liberate the
spores from the ﬁuithg bodies and to break the 8pore ciumps Filter the dispersed fungat spore suspension
HS. ool tlimms e Tnwrme Af Aalnom sermal Anmsniond n nlaoo (RS | Ia amtm i e PO

Into 4 11dsg uuuugu a U LUIL 1dYTL UL Biddd WU COLIME LT Ll.l d glddd lululUl llllb plULCbb buuum IEmove
large mycelial fragments and clumps of agar.

B.2.2.2.2 Stock culmres solution. Centrifuge the filtered spore suspension and discard the supemnatant
liquid. Resuspend the residue in 50 ml of water and recentrifuge. Wash the spores obtained from each
fungus three times in this manuner. Dilute the final washed residue with mineral-salts solution so the resul-
tant spore suspension contains 1,000,000%200,000 spores per milliliter, determined with a counting
chamber. Repeat this operation for each organism used in the test..

B.2.2.2.3 Spore viahility test. Before preparing the composite spore suspension, inoculate sterile potato
dextrose agar plates with 0.2 to 0.3 ml of the spore suspension of each of the individual fungi. Distribute
the inoculum over the entire surface of the plate. Continue with the remainder of the fungus test while
the viability test is underway. After 7 to 10 days at 75° to 88° F, check the viability test plates for fungal
growth. Absence of copious growth of any of the test organisms over the entire surfice in cuclh conitainer
invalidates the results of any tests using these spores.

B.2.2.3 Fungus testsuspension. Blend equal volumes of the five stock culture solutions to obtain the final
mixed spore suspension. The suspension storage limits are seven days at 43 +7°F,

B.2.3 Fungus resistance test. Prepare the following solution:

GIYCOIOL ottt nssssnsettsssessbssansasassssns besessssss sesresrestessarsbisssnvasssrasssssmmssanne 100¢g
Potassiuim dihydrogen orthophosphate (KHZPO4)....cccciverniniienmenmsrearnminiivicnssssisssninsinsrnsasd 0.100 g
Ammonium nitrate (NHsNO3)....... ivrrresrerssssesraranssees erretsaser st assan ranerenevesnmsnas rrans 0.100 g
Magnesium sulfate heptahydrate (MgSO4-7H20) ......................................... 0025 ¢
YEAST EXITACL .. iuiririmsnerssnestssessasssnssesnsstsssssssontesissasasssssrsssisssssasboss surerare sarmesesssssssnssansncsssstasassnsses 0.050 g
Non-toxic wetting agent {(e.g. sodium dioctyl sulfosuccinate or sodium lauryl sulfate)......0.005 g
Distilled Water (10181 VOILITIE). i i eeevreereseevrrrreessareressssnrsessnnssssssssssnss s ssnssssssses sbssssbornbabnsemsamrassan 100 mi
Final solution pH using HCl and NaOH....cc e secnssssssssssesssnsaressissessssssossesns 5.3

Dip sterile 100% cotion strips into the solution. After dipping, remove excess liquid and hang to dry. Place
the control strips vertically close to and bracketing the test article so the control strips and test article expe-
rience the same test chamber environment. Ensure the strips are long enough to be at the same height as
the test article. These strips verify conditions to promote fungal growth in the chamber.

B.2.3.1 Test article preparation. Verify the test article is similar to the condition delivered by the manufac-
turer, Donot clean the test sample for at least 72 hours before the test. Install the test article in the chamber
or cabinet on suitable fixtures or suspended from hangers, Hold the test item in the operating chamber
at 77.5 £2.5 °F and 95 + 5% relative humidity for at least four hours immediately before inoculation.

B.2.3.2 Test article inocuiation. Inoculate the test article and the cotton fabric control strips with the mixed
fungal spore suspension by spraying the suspension on the control strips and on (and into) the test article
in a fine mist from an atomizer or nebulizer. Personnel with knowledge of the test article should aid in

exposing its interior surfaces for inoculation. When spraying, take care to cover all external and internal
surfaces normally exposed during use or maintenance. If the surfaces are non—wetting, spray until drops

B-2
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begin to form, Replace any test article covers without tightening the fasteners so that air can penetrate.
Start incubation immediately following the inculation.

B.2.3.3 Testarticle incubation. Incubate the test article under a daily cycle of temperature and humidity
conditions for 20 hours at a relative humidity of 95 £ 5% and air temperature of 86 +2°F. Follow with
a 4-hour lower temperature period. Use up 1o two hours of the 4-hour pericd to transition the temperature
and relative humidity. During the transition period, keep temperature and humidity conditions between
75° to 88°F and relative humidity above $0% . Conditions during the remaining portion of the lower tem-
perature period shall be 77 £ 2°F temperature and 95% (+5%, —0%) relative humidity.

B.2.3.4 Testduration. Repeat the 24-hour daily cycle in B.2.3.3 for 28 days of incubation from the time
of inoculation. After seven days of incubation, inspect growth on the control cotton strips. Verify that
fungi covers at least 50% of the part of the surface area of each test strip located at the level of the test
article. If not, repeat the entire test with the adjustments of the chamber required to produce conditions
suitable for growth. Leave the control strips in the chamber for the duration of the test.  If there is a
decrease in fungal growth on the cotton strips at the end of the test compared to the 7-day results, the test
is invalid.

B.2.4 Inspection criteria. Atthe end of the incubation period, inspect the test article immediately. If pos-
sible, inspect the item inside the chamber. If the inspection is outside the chamber and not completed in
eight hours, return the test article to the test chamber or similar humid environment for at least 12 hours.
Examine all surfaces of the test article. Intermittent infestations or loosely spread microbial colonies on
the surface and moderate reproduction is permissible. ’ '
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